Abstract-It appears from the experimental results obtained by quite a number of authors that for asymmetrie turbulent velocity profiles the locations of maximum velocity and zero shear stress are not identical. This report deals with the importance of this effect for the calculation of momentum, heat, and mass transfer in non-circular channels as well as for the discussion on universal velocity profiles. The report is providing a survey of the works referring to this effect. These informations are supplemented by unpublished results derived from the critical interpretation of measurements carried out by several authors.
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INTRODUCTION
TuRBULENT flows in annuli with very small diameter ratios, in annuli roughened on one side or between parallel plates roughened on one side are eharaeterized by asymmetrie velocity distributions, which is shown sehematically in Fig. 1 . Contrary to the results obtained from the investigation of turbulent flows in circular pipes we observe in these cases that the locations of maximum velocity and zero shear stress do not coincide. This effect deserves attention, since, under this e.g. between parallel plates provided that one side is rough and the other smooth. The difference of locations of du/dy = 0 and 1" = 0 appearing from the figure is such that 1" = 0, at a certain distance from du/dy = 0, is situated on the narrower side of the velocity profile:
Usually, the turbulent momentum transport is re1ated to the velocity gradient through the eddy diffusivity GM definedin equation (2):
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It is noted that in the example represented in Fig. 1 condition, it is no longer reasonable to apply the generally used method of calculating velocity and temperature distributions in non-circular channe1s by using "eddy diffusivities". Besides, this effect is very important with respect to the frequently discussed problem of "universal velocity laws" in non-circular channels. This artic1e indicates the experimental results obtained by several authors in the direct measurement of this effect. Moreover, an appropriate analysis of experimental investigations allows to obtain results which confirm also this effect.
THE IMPORTANCE OF NON-COINCIDENCE OF
• " = 0 AND du/dy = 0 and therefore these authors obtain also velocity profiles for the inner zone of annuli which become flatter with decreasing diameter ratio. On the other hand, Quarmby [7] measures the wall shear stress directly using Preston tubes [8J and he finds but insignificant deviations from equation (4); the same is found by Smith, Lawn and Hamlin [9] .
Quarmby [7J supposes to have determined the "line of maximum velocity"-he actually determines r = D-and the differences he finds in comparison with the results of Brighton and Jones lead him to the conc1usion that the measurements performed by Brighton and Jones (double Pitot tube to determine umaJ are not correct, All these examples demonstrate how much also the discussion on "universal velocity profiles" is influenced by experimental results the interpretation of which depends on the assumed location of r = 0, provided that this location is different from that of u max ' 
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Kays and Leung [12J suggest the following empirieal expression for the location du/dy = 0:
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When comparing the ßo-values calculated from (5) with the ßmax-values ealculated from (6) increasing deviations are observed with decreasing C( which can be explained by the growing asymmetry (Table 1) . Asymmetrie velocity profiles were found also Lawn and Hamlin [14J measure also significant differences for internally roughened annuli. Besides, Smith, Lawn and I-lamlin [9J find the non-coincidence of T = 0 and duldy = 0 when measuring in a smooth annulus with !Y. = 0·088.
The wall shear stress is measured here directly using a method which is independent of the universal velocity profile.
INTERPRETATION OF THE VALUES MEASURED BY SCHLICHTING
Schlichting [15J investigated a very great number of dissimilar roughnesses in a channel which was roughened on one side. He measured velocity distributions with particular regard to the effect exerted by roughness on the parameters of the velocity profiles. In the following paragraphs the experimental resuits of Schlichting are examined under the aspect discussed in this article. The measure of asymmetry will be assumed to be the ratio of distances of U max and T = 0, respectively, from the channel walls.
Schlichting obtains the friction velocity ui on the smooth wall by plotting the measured velocity distribution and assuming that the dimensionless velocity profile [equation (4) Table 3 ) the location T = 0 can be calculated as follows with ui and the pressure gradient (7) Equation ( In this calculation neither a universal protue with the slope 2·5 is assumed on the rough wall nor is a statement made on the location of y = 0 on the rough wall. The location of T = 0 calculated with equation (7) was determined for all experimental results. In Table 2 «:
also in Table 2 . This result is obtained by the following relations and
Figure 2 contains all individual results derived from the -investigations of Sehliehting. It is c1early evident that with a strongly asymmetrie velocity profile (bi/b z small) the loeation of the line r = 0 is still more asymmetrie (b~jb; < bi/bz). Only 11 ofthe 118 measured points show an inverse effect the majority of them for only very slightly asymmetrie velocity profiles where
xxx">< the width b being the distance of the smooth wall from a fietitious rough wall obtained by evening out the roughnesses through melting. The eomparison of results obtained by equations (7) and (8) yields but small differenees. This result eonfirms the assumptions made by Schliehting with respect to the ehanne1 width band the slope 2·5 of a universal velocity profile over the rough wall too [equation (10)].
this effeet becomes very srnall and where it is difticuIt to determine it precisely. There is a relatively wide scattering of measured results, One reason may be seen in the diffieulty to measure shear stresses and velocity maxima. Besides, the difference between the loeations is often very small and, eonsequentIy, ineertainties in the measurement will have a eonsiderable impact, The Reynolds number will also have a slight influence on this effeet. Considering the various kinds of roughnesses
.. .. represented in Fig. 2 it appears that cones and "short angles" behave in a different way compared to spheres. It can be supposed that not only the degree of asymmetry but also the form of roughness will exert a noticeable influence on this phenomenon. In order to find a relationship serving as an orientation with respect to the magnitude of the described effect, Fig. 3 shows the measured results mentioned above for smooth and rough annuli in addition to the results found by Schliehting.
The measured points are fitted by a curve whieh satisfies the following equation:
b~= (b 1 )1-S (11) b;
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Using this equation the difference of the locations of U m ax and T = 0 ean be estimated for asymmetrie veloeity profiles.
CONCLUSIONS
It follows as a conclusion from the experimental results of many works that T = 0 and du/dy = 0 do not coincide in cases where asymmetrie velocity profiles are obtained for turbulent flows as a result of the channel form or roughnesses on one side. In these cases, the eddy diffusivity will adopt a negative value, provided the eommonly used concept, whieh had been developed from measurements of symmetrie velocity profiles, will be applied to deseribe the turbulent momentum transport.
Since negative eddy diffusivities are physically absurd, a model must be developed which will meet with this condition. Further experiments should be carried out beeause ofthe fundamental importance of this question with respeet to the calculation of veloeity and temperature distributions in turbulent flows, the interpretation of experiments and the question of a universal velocity profile. Only additional and more accurate measured results will aIIow to describe satisfaetorily this effect.
